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Abstract
This paper presents practical performance study of one axis mechanical tracking of PV grid connected 
system, which is designed, studied, and analyzed comparing with a fixed PV system at HIAST with 
capacity of 100 watts with tilt angle 35 degrees.
This paper presents and compares the capital costs of tracking and fixed systems and the energy injected 
into the grid.
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1. Introduction
Syria Arab Republic has good irradiation which makes the possibility of using photovoltaic (PV) 
PV systems are characterized by high reliability, long life and low operation cost because they depend on 
the sun light only, as well as they need very little limited maintenance, and work quietly up to 25 years.
There are some technicals and methods to increase energy production from modules such as tracking and 
concentrating.
There are generally two ways of tracking the sun, one is electronic and second is mechanical.
This paper focuses on mechanical tracking system which has two types:
1- One axis tracking: to follow the sun from east to west through daily path.
2- Two axis tracking: to follow the sun from east to west through daily path, and change tilt angle of the 
modules according to the seasons.
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2.  Common specification of the two systems: 
 
The two studied systems are PV grid connected systems, each system supplies generated power from the 
modules (24V) to the grid (220V/50Hz). Batteries are not needed in the PV grid connected system 
because it injects the generated power from PV modules during irradiation hours into grid; In this case the 
grid is considered as an infinite load which imports all generated power. 
Tilt angle of 35 degrees has been chosen because it is considered as an average value between summer 
and winter which allow producing maximum power from PV module over the year in Aleppo. 
 
3. Components of fixed and tracking PV systems:  
 
Table 1 shows the components of fixed and tracking PV systems and Fig. 1shows the components of 
fixed and tracked PV systems. 
 
Table 1: System components. 
Type 
Specification Fixed system Tracking system Source 
PV module 48 Wp 2 2 Syria 
Motor 24Vdc/7W - 1 Taiwan 
Metal base 2 inch 1 1 Syria 
PLC SR1-B121BD - 1 France 
Inverter OK4E-100 1 1 Holland 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Illustration of PV grid system. 
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3.1. PV modules: 
 
PV modules made in Syria starting from imported solar cells (square poly crystalline silicon (P-Si) 10*10 
Cm). PV module consists of 36 cells connected in series and laminated using special material to protect 
them from environmental conditions. 
The PV module dimensions used are 100*46 cm and its maximum power is 48W at standard conditions 
(temperature 25°C  radiation 1000W/m2). 
Every studied system has Tow PV modules connected in series to obtain 24 Vdc and 96Wp. 
The tilt angle of all modules is 35degrees and directed to the south. In the tracking system there is a 
possibility of following the sun from east to west covering 150 degrees of the sun daily path. 
Fig. 2 shows electrical specifications (curve of current-voltage) of PV module.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Module specifications. 
 
3. 2. OK4E-100 inverter: 
 
The OK4E-100 is a small power inverter designed to be connected with 100Wp modules. One inverter 
OK4E-100 is used with every system. Table 2 shows the inverter specifications: 
 
Table 2: Inverter specifications 
Output voltage (Vac) 
190  270 
Output frequency (Hz) 49  51 
Efficiency (%) 94 
Cos ø 0.99 < 
Total Harmonic Distortion (%) 3 > 
Consumption (mW) 3 
Nominal power (Wdc)  100 
Input voltage (Vdc) 24 - 50 
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An OK4E-100 has the principle of maximum power point tracking (MPPT), in addition to voltage and 
frequency observation to export the power without distortion. 
 
3.3. The motor: 
 
 A motor is used to move the PV modules to track the sun from east to west through its daily path (motor 
consumption is 0.3A at 24Vdc). 
 
3.4. Programming logic control (PLC) unit: 
 
PLC unit is used to control the daily movement of the motor from east to west, and to return the module 
to the east at the end of the day. 
Rotation angle is 10 degrees every 30 minutes according to Aleppo radiation data. Tracking is started 
 
 
4. Performance observation of the tracking and fixed systems: 
 
PV systems are observed by special program subsequent in the inverter OK4E-100, which provide the 
following measurements: 
1- The actual power of the inverter. 
2- An energy counter shows the total energy produced by inverter after pressing the reset button. 
The value can be used to determine the energy produced over a specific period e.g. over one day. 
3- Inverter temperature. 
4- AC voltage. 
5- DC voltage. 
 
5. Operation results: 
 
During experiment which is done in HIAST, fixed PV system injected 124.65KWh, while tracking PV 
system injected 163.12KWh in 2010, with increase 31% of generated power. Figure 3 shows the energy 
injected into the grid monthly for both systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: the energy injected in the grid monthly 
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Fig. 4 shows comparison between power injected into grid during one month (April 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: daily injection energy to grid  
 
 
From Fig. 4 it is found that increase in injection energy from tracking system is 30% daily, i.e. in the first 
day of April PV fixed system inject 500Wh while tracking system inject 650Wh with increase of30%. 
 
6.  The capital costs of tracking and fixed systems: 
 
It is found that the capital cost of tracking system is more than the fixed one, because there are motor, 
PLC and bigger mineral structure in PV tracking system. Capital cost of the tracking system is 20% 
increase fixed system. 
 
7. Conclusion 
 
- 30% increase in injection energy to utility from tacking system. 
- Higher capital cost in tracking system due to motor and movement joint; in addition the power 
supply of motor make the fixed system of a higher reliability. 
- An increase of 20% of capital cost in tracking system may be less in higher powers, for example 
it may be used the same motor to track double power. 
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